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ABSTRACT 
Daily ind ices  of ionospheric blackout incidence both i n  t h e  polar  
cap and i n  t h e  a u r o r a l  zone a re  constructed for years 1957-65. The 
ind ices  increase approximately as the logarithm of t h e  t o t a l  number of 
hours of blackouts f o r  each U.T. day, t h e  sca l e  being 0 t o  9 .  The 
a u r o r a l  zone blackout index I increases genera l ly  i n  p a r a l l e l  with 
po la r  geomagnetic a c t i v i t y ,  while the index I ind ica t e s  t h e  degree of 
t h e  PCA a c t i v i t y  which i s  caused by s o l a r  cosmic r a y ' s  invasion i n t o  t h e  
polar  cap. Annual mean of I index changes i n  p a r a l l e l  with t h a t  of 
Z i r i ch  sunspot numbers. 
other hand, t h e  IA index shows a c lear  recurrency of 27 days throughout 
t h e  h a l f  s o l a r  cycle examined, suggesting t h a t  production of energe t ic  
e l ec t rons  responsible f o r  t h e  M A  i s  strongly cont ro l led  by s o l a r  wind 
A 
P 
P 
Litt le recurrency i s  found i n  t h e  $. On t h e  
a c t i v i t y .  
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1. Introduct ion 
The fmin, minimum frequency evident on ver t ical- incidence 
ionograms, i s  a use fu l  parameter for t h e  study of enhanced ion iza t ion  
i n  t h e  lower ionosphere. We may count a number of l i t e r a t u r e s  t h a t  
have t r e a t e d  polar  blackout events using t h i s  parameter (see, for 
example, Hultqvist ,  1963; Bailey, 1964). 
World-wide morphology of individual  po lar  blackouts has been 
cs tab l i shed  on a series of synoptic s tud ies  of t y p i c a l  disturbances 
s ince t h e  IGY (Hakura, Takenoshita, and Otsuki, 1958; Obayashi and 
Hakura, 1960; Hakura, 1960; Hakura and Nagai, 1964-63; Hakura, 1963). 
There are two dis t inguishable  types of polar  blackouts; t h e  polar  cap 
blackouts and t h e  au ro ra l  zone blackouts. The former starts w e l l  
before the  onset of a geomagnetic storm, and appears i n  t he  polar  cap 
usua l ly  above 60' i n  t h e  geomagnetic l a t i t u d e .  
i on iza t ion  i n  t h e  ionospheric D region, caused by t h e  bombardment of 
s o l a r  cosmic rad ia t ions .  The la t ter  appears i n  the  au ro ra l  zone, 
usua l ly  i n  connection w i t h  t h e  elementary geomagnetic po lar  disturbances 
and t h e  au ro ra l  displays.  
energe t ic  e lec t rons  produced probably i n  t h e  magnetosphere. 
This i s  an enhanced 
This i s  connected with p rec ip i t a t ion  of high 
I n  order t o  examine the  long term va r i a t ion  of blackout a c t i v i t y  
i n  r e l a t i o n  t o  other  solar-geophysical data, construct ion of a d a i l y  
index becomes necessary. 
occurrence of po lar  blackouts i n  both the  northern and t h e  southern 
au ro ra l  zones were made by Piggott (1960) . 
B i l y  ind ices  representat ive of t h e  
Using the  ind ices  .during 
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t h e  I.G.Y., he showed t h a t  day-to-day condition of t h e  polar  ionosphere 
i n  both hemispheres i s  very similar t o  each other,  so  t h a t  t h e  index i n  
t h e  northern hemisphere may be taken as t h e  representa t ive  of t h e  polar  
blackout over t he  world. 
I n  t h e  present paper, t h e  polar  cap blackout index I and t h e  
P 
au ro ra l  zone blackout index IA are proposed, and calculated f o r  years 
1957-65 t h a t  cover over a ha l f  sunspot cycle.  
geomagnetic K indices ,  secular  var ia t ions  and 27 days recurrence 
tendencies of polar  blackout a c t i v i t i e s  w i l l  be examined and compared 
WTth thiose',of 'geomagnetic- ao€iv i ty ;  . I ,  
Using these  indices  and 
P 
2. Polar Blackout Indices fo r  Years 1957-65 
General process i n  constructing t h e  polar  blackout indices  i s  what 
follows: (a) Numbers of hours of blackouts (fmin=B or 2 4Mc/s) per  U.T. 
day a re  counted f o r  several main ionosphere observing s t a t i o n s  l i s t e d  
i n  Table 1. 
Table 1 
L i s t  of Ver t i ca l  Ionosphere Sounding Sta t ions  
Corrected 
U t i t u d e  Longitude 
Region Sta t ion  Geomagnetic Geographic 
Polar Cap Main Sta t ion  Thule 86.0 N 291.3 E 
Resolute Bay 84.3 ' 265.1 
Auroral Zone Main Kiruna 64.3 20.5 
Point Barrow 69.7 203.2 
Churchi 11 70.3 265.8 
Supplementary T r  oms5 66 .o 19.0 
Fa i  rbanJs s 64.9 212.2 
Winnipeg 61.1 262.6 
Narsarssuak 69.0 314 -6 
Reykj vik 66.5 338.3 
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( b )  Mean numbers of hours of blackouts i n  t h e  polar  cap and t h e  au ro ra l  
zone a re  calculated and coded according t o  an empir ical  scale  given i n  
Table 2. When t h e  da ta  from a main observing s t a t i o n  are missing, they  
a r e  in te rpola ted  using those from a supplementary s t a t i o n  i n  the  same 
geographical zone. 
Table 2 
Polar Blackout Index Corresponding t o  Numbers of Hours of Blackout 
Number of Blackout per b y  Ip Or =A Blackout . .  Index, 
0 O - 0.4 
1 0.5 - 0.9 
2 1.0 - 1.5 
4 2.6 - 3.5 3 1.6 - 2.5 
5 3.6 - 5-5 
6 5.6 - 8.5 
7 8.6 - 13.0 
8 13.1 - 20.0 
9 20.1 - 24.0 
The index increases  approximately as t h e  logarithm of mean hours 
of blackout f o r  each day, U.T. The sca le  runs from 0 t o  9, q u a l i t a t i v e l y  
analogous t o  t h e  magnetic Kp scale .  
( c )  Daily values of Ip and I 
1957-65 are tabulated i n  the  Appendix. 
d a i l y  sums of magnetic K p  indices ,  .Y Kp, a re  a l s o  given i n  t h e  table.  
and t h e i r  monthly mean values for years 
A 
For comparison with I and Ip, A 
(dl  In  Table 3, are summarized the  proper t ies  of various kinds of 
enhanced ioa iza t ion  events, i .e. SID (Sudden Ionospheric Disturbance), 
SCA (Sudden Commencement Absorption) , PCBO (Polar  Cap Elackout ) , and 
PCBO SCA AZA AZA 
Storm) B Y )  
(Magnetic ( I so la ted  
whole au ro ra l  au ro ra l  or auro ra l  
polar  zone sub-auroral  zone 
cap zone 
- day - min. - 10 min. - 10 min. 
( s uc ce s s ive 
occurrence - day) 
Ip, I* (I ) I A  I A  
ra4e 
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AZA 
(Calm 
Period) 
au ro ra l  
zone 
- 10 min. 
=A 
var ious AZBO (Auroral Zone Blackouts). The cont r ibu t ion  of t h e  SID and 
SCA t o  t h e  indices i s  very s m a l l ,  because of t h e i r  sporadic occurrence 
and short  time-duration. Fig.  1 shows world-wide pa t t e rns  of blackout 
a rea  during typ ica l  enhanced ion iza t ions .  The AZA's, ( c ) - ( e ) ,  occur i n  
a l imi ted  region along t h e  au ro ra l  zone, so  t h a t  a t  l e a s t  t h r e e  w e l l  
loca ted  s t a t ions  a r e  necessary i n  order t o  de t ec t  t h e  occurrence of t h e  
blackout and obtain a world-wide index. On t h e  o ther  hand, one or two 
s t a t i o n s  are su f f i c i en t  t o  describe t h e  day-to-day change i n  t h e  PCBO, 
s ince  the  whole area above 65' are covered by t h e  blackout condition, 
as shown i n  Fig. 1-(b) . 
Table 3 
Events 
Region O f  
Blackout 
Duration 
per  Event 
C ont ri but ion 
t o  Blackout 
Indices,  I 
P 
A and I 
V a r j  
The j 
S I D  
sun l i t  
lower 
l a t i t ude  
z one 
- 10 min. 
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3 .  Some s t a t i s t i c s  of I I and Geomagnetic CKp Indices 
3.1 
p' A 
A Charac ter i s t ics  of Ip and I 
Figs .  2-(a) and -(b)  show t h e  r e l a t ion  between two polar  blackout 
ind ices ,  Ip and I 
January through June 1960. 
shows a l i n e a r  r e l a t i o n  t o  CKp. 
the  region of polar  blackouts shows a considerable equatorward-shifting 
even t o  min-auroral zone, because of increased D s t  f i e l d  s e t  a n t i -  
and d a i l y  sum of Kp index, CKp, i n  a period of A' 
A 
A t  major geomagnetic storms, however, 
A s  expected, t h e  au ro ra l  zone blackout I 
p a r a l l e l  t o  o r i g i n a l  geomagnetic f i e l d  (Obayashi and Hakura, 1960) . 
This i n t e n s i f i c a t i o n  i n  blackout a c t i v i t y  are not included i n  the  I 
index, s ince the  mean geomagnetic l a t i t ude  of main ionospheric s t a t i o n s  
i s  68.1. Thus t h e  index I i s  considered t o  be a measure of enhanced 
ion iza t ions  accompanied with polar  elementary geomagnetic disturbances.  
A 
A 
A s  shown i n  Fig.  2 - ( a ) ,  t h e r e  i s  no cor re la t ion  between I and P 
CKp. 
Ip's i n  the period of March l g t h r o u g h  June 7, 1960 a re  p lo t t ed  i n  
Fig.  3 ,  where outstanding so la r  f l a r e s  observed during the  same period 
are a l s o  shown by t h e  wedge mark v .  
i n  Ip occurred a f t e r  these  outstanding f l a r e s  and can be i d e n t i f i e d  as 
t h e  polar  cap blackouts due t o  so la r  cosmic rays emitted a t  t he  t i m e s  
of t h e  f l a r e s .  
In  order t o  show t h e  meaning I more c l ea r ly ,  t i m e  va r i a t ion  i n  P 
A s  e a s i l y  seen, a l l  enhancements 
- 6 -  
A'  3 . 2  
Solar  Act iv i ty  Control on CKp, Ip and I 
Secular Variations i n  (a)  Z i r i ch  sunspot numbers, ( b )  CKp, ( c )  Ip, 
and (a )  I 
indices  a r e  p lo t t ed  f o r  years 1957 through 65. 
shows a kind of s o l a r  cycle va r i a t ion .  Geomagnetic a c t i v i t y  enhances 
when dense and high ve loc i ty  s o l a r  plasmas a t t a i n  t o  t h e  e a r t h .  
Mariner I1 plasma measurements have revealed a l i n e a r  r e l a t i o n  between 
d a i l y  averages of t h e  s o l a r  wind speed and t h e  CKp indices (Snyder, 
e t  a l . ,  1963). 
suggests a secular change i n  t h e  solar wind ve loc i ty .  
d i scont inui ty  i n  t h e  mean m p  between 1960 and 61 can be understood 
as t h e  secular changes i n  t h e  occurrence frequency of geomagnetic 
storms. During maximum sunspot periods, most of geomagnetic storms are 
caused by a major s o l a r  f l a r e  and start  with a sudden commencement. A s  
shown i n  Fig.  5, t h e  occurrence frequencies of t h e  SC-storm during 
are shown i n  Fig. 4, where annual mean values of t hese  A 
The geomagnetic CKp index 
Thus t h e  v a r i a t i o n  i n  t h e  mean CKp i n  Fig.  4-(b) 
A considerable 
1957 - 60 were more than twice as high as those during 1961-65. 
It i s  a l so  evident i n  Fig. 5 t h a t  t h e  occurrence of t h e  non-SC 
storms i s  most frequent during every dec l in ing  epochs of four  
successive sunspot cycles s ince  195. By t h e i r  s t a t i s t i c s ,  Sinno 
(1956-a and -b, 1964) and Goh (1964) have shown t h a t  27 days recurrency 
i s  a predominating nature of geomagnetic storms i n  these  dec l in ing  
s o l a r  a c t i v i t y .  A remarkable 27 days recurrence tendency i n  1962 - 64 
i s  demonstrated i n  Fig. 6-A, where time v a r i a t i o n  i n  a mean au tocorre la t ion  
b 
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coe f f i c i en t  a t  i n t e r v a l s  of 27 days of CKp i s  given. 
taken f o r  each 7 successive s o l a r  ro ta t ion  per iods.  Details of t h i s  
remarkable tendency are shown on a recurrence t a b l e  of CKp i n  Fig.  7-A, 
where the  index CKp i s  coded i n t o  6 grades as shown on t h e  t o p  of t h e  
f igu re .  
p e r s i s t e n t l y  i n  t h e  s o l a r  ro t a t ion  of 1769 - 93. 
The mean was 
A peak of Kp a c t i v i t y  appeared between 5 th  t o  9th days 
Secular va r i a t ion  i n  t h e  auroral  zone blackout index I i s  r a t h e r  
However, 
A 
f l a t  i n  comparison with t h a t  i n  CKp, as shown i n  Fig.  4 - (d ) .  
it i s  in t e re s t ing  t o  note t h a t  recurrence tendency i n  I 
throughout t h e  ha l f  sunspot cycly analysed i n  Fig.  7-B. 
mean autocorrelat ion coef f ic ien ts  of I 
1962 - 64 are e spec ia l ly  outstanding. 
recurrency i n  I 
f o r  the  AZA i s  s t rongly controlled by s o l a r  wind a c t i v i t y ,  even though 
the  acce lera t ion  i s  taken place i n  t h e  geomagnetosphere. 
i s  found 
Two peaks of 
t h a t  appeared i n  1959 -61 and 
It may be sa id  from t h i s  c l e a r  
A 
A 
t h a t  t h e  production of energe t ic  e l ec t rons  responsible A 
Fina l ly ,  t h e  Ip index shows a c l e a r  s o l a r  cycle var ia t ion ,  as 
a l ready  noted i n  previous s t a t i s t i c a l  s tud ies  of ind iv idua l  PCA events 
(Col l ins  e t  al . ,  1961; Besprozvannaya, 1962). 
a t t r i b u t e d  t o  t h a t  i n  the  occurrence frequency of major s o l a r  flares 
producing cosmic rad ia t ions .  
of l i t t l e  recurrence. 
short-durated enhancements of autocorrelat ion coef f ic ien t  of Ip. 
Though f l a re -ac t ive  regions themselves are f ixed  on t h e  so l a r  disk,  
This tendency i s  
On the  recurrence t a b l e  ( C ) ,  I 
Fig. 6 - ( c )  a l s o  shows only some sporadic and 
i s  found P 
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erupt ions  responsible f o r  t h e  PCA occur i n t e r m i t t e n t l y  and 
sporadiacally.  Thus no recurrency i s  expected for t h e  majcr PCA events 
observed during solar ac t ive  periods.  
PCA events discovered by Gregory and Newdick (1964) w i l l  be discussed 
i n  a l a t e r  publication using a lower threshold  value of A fmin. 
4 .  Conclusions 
Recurrence tendency of s l i g h t  
The polar cap blackout index Ip and t h e  a u r o r a l  zone blackout 
index I are proposed. 
and tabula ted  i n  t h e  Appendix. The index I ind ica t e s  t h e  degree of 
PCA a c t i v i t y  which i s  caused by s o l a r  cosmic r a y s '  invasions i n t o  t h e  
polar  cap, while t h e  IA shows day-to-day a c t i v i t y  of au ro ra l  zone 
absorptions.  
The ind ices  a r e  computed for years 1957 - 65, A 
P 
So la r  a c t i v i t y  cont ro l  on t h e  polar  blackout and geomagnetic 
a c t i v i t i e s  i s  examined using t h e  I I and CKp indices .  Each index 
shows d i f f e ren t  kinds of secular  va r i a t ions .  Annual mean of I index 
changes i n  paral le l  with t h a t  of ZGrich sunspot numbers. 
i s  a t t r i b u t e d  t o  t h e  occurrence frequency of s o l a r  flares producing 
s u b - r e l a t i v i s t i c  protons. L i t t l e  recurrency w a s  found i n  I index. On 
t h e  o ther  hand, t h e  I 
throught the half  s o l a r  cycle examined, suggesting t h a t  production of 
ene rge t i c  electrons responsible f o r  t h e  AZA i s  s t rongly  controled by 
s o l a r  wind a c t i v i t y .  
va r i a t ion  tha t  suggested a s o l a r  cycle cont ro l  on t h e  s o l a r  wind 
ve loc i ty .  
P' A 
P 
This tendency 
P 
index showed a c l e a r  recurrency of 27 days A 
The geomagnetic Kp index showed a secular  
8 
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Figure Captions 
Fig.  1 Synoptic pa t t e rns  of SID, PCBO, and various AZBO i n  t h e  
northern hemisphere. The mark (3 shows the  pos i t ion  of t h e  sun. 
Fig.  2 Relations between polar  blackout ind ices ,  I and IAJ and d a i l y  P 
sum of Kp indices ,  CKp. 
F ig .  3 Time va r i a t ion  i n  I ' s  i n  t he  period of h r c h  19 through June 7. P 
Outstanding s o l a r  f l a r e s  observed during t h e  same period a re  shown 
by t h e  mark v .  
Fig.  4 Secular var ia t ions  i n  annual means of Z k i c h  sunspot numbers, 
d a i l y  sum of Kp index, and blackout indices ,  1 and IAJ  for years P 
1957 - 65- 
Fig.  5 Occurrence frequencies of t w o  kinds of geomagnetic storms per  
year, observed a t  Kakioka i n  194 - 65. 
Fig.  6 Time var ia t ions  i n  mean autocorrelat ion coe f f i c i en t s  a t  
i n t e r v a l s  of 2'7 days of Kp, I 
each 7 successive so l a r  ro ta t ion  numbers. 
and Ip. The mean w a s  taken f o r  A 
Fig.  7-A Recurrence t a b l e  of geomagnetic m p  indices  f o r  years 1957-65. 
Fig.  7-€3 Recurrence t a b l e  of I index for years  1957 - 65. 
Fig.  7-C index for years 1957 - 65. 
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Figure 6 Time variations i n  mean autocorrelation coefficients at intervols of 27 days o f X K  ]A, and Ip. The 
mean was taken for each 7 successive solar rotation periods. P' 
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Appendix 
Ionospheric Polar  Blackout Indices I 
of Kp Index fo r  Years 1957 - 65. 
and IAJ  and Daily Sum P 
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